PATENT 

ATTY DOCKET K35A1314 

1 HEAD STACK ASSEMBLY COMPRISING A MULTI-LEVEL SfflPPING COMB TO 

2 FACILITATE MERGING HEADS WITH DISKS 

3 

4 BACKGROUND OF THE INVENTION 

5 Field of the Invention 

6 The present invention relates to disk drives. In particular, the present invention relates to 

7 a head stack assembly comprising a multi-level shipping comb to facilitate merging heads with 

8 disks. 

9 Description of the Prior Art 

10 FIG. 1 shows a prior art disk drive comprising a disk stack having at least one disk 4 and 

1 1 a head stack assembly (HSA) 6 installed in a base casting 8 which is enclosed by a cover 10 to 

12 form a head disk assembly (HDA). The HSA 6 comprises a number of actuator arms 12 which 

13 are rotated about a pivot 13 by a voice coil motor (VCM) 14. A suspension 16 is attached to the 

14 distal end of each actuator arm 12, and a head 18 is attached to the distal end of the suspension 

15 16, The suspension 16 biases the head 18 toward the surface of the disk 4, and as the disk 4 

16 rotates about its center axis an air bearing forms between the head 18 and the disk 4 so that the 

17 head 18 flies just above the disk 4 during read/write operations. When manufacture the disk 

18 drive 2, the HSA 6 is installed into the base casting 8 such that the actuator arms 12 fit into gap 

19 20. The actuator arms 12 are then rotated about the pivot 13 in order to "merge" the heads 18 

20 with the respective disk surfaces. 

21 After the HSA 6 is manufactured, a shipping comb is attached to protect the suspension 

22 16 during storage and shipping. For example, with an HSA comprising multiple suspensions 

23 (FIG. 3) the shipping comb prevents the suspensions from colliding into one another. The 

24 shipping comb also protects the suspensions from overstressing. FIGs. 2A and 2B show a prior 

25 art shipping comb 22 which has a pin 24 that is inserted through an aperture 26 in the actuator 

26 arm 12. A latching member 28 secures the shipping comb 22 to the actuator arm 12 and a finger 

27 30 maintains the suspension 16 in a near optimal vertical position. The vertical movement of the 
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1 head 18 is also limited by a tab 32 to protect against head damage. Only the bottom suspension 

2 16 and head 18 are shown in FIGs. 2 A and 2B, the top suspension and head are not shown for 

3 clarity. FIG. 3 shows a prior art shipping comb 32 comprising a plurality of fingers 34 for 

4 maintaining a number of top and bottom suspensions in a near optimal vertical position during 

5 storage and shipping. 

6 To facilitate installing the HSA 6 when manufacturing the disk drive a merge tool is 

7 employed to hold the suspension 16 in place while the actuator arm 12 is rotated to position the 

8 head 18 over the surface of the disk 4. Referring again to FIGs. 2 A and 2B, after the merge tool 

9 engages the suspension 16, the shipping comb 22 is rotated (clockwise in FIG. 2B) to detach the 

10 shipping comb 22 fi-om the actuator arm 12 prior to performing the merge. A problem with this 

1 1 prior art technique, however, is that when the merge tool engages the suspension 16 from the side 

12 the merge tool can scrape the suspension 16 causing damage to the suspension 16 as well as 

13 particle contamination. The particles generated from scraping can also contaminate the merge 

14 tool thereby afiTecting other drives since the merge tool is re-used to manufacture multiple drives. 

15 There is, therefore, a need for a disk drive shipping comb that protects the suspension 

16 from damage when a merge tool engages the suspension during the merge operation. 

17 SUMMARY OF THE INVENTION 

18 The present invention may be regarded as a head stack assembly (HSA) for use in a disk 

19 drive comprising a disk, wherein a merge tool is used to merge the HSA with the disk during 

20 manufacturing of the disk drive. The HSA comprises at least one actuator arm, and a suspension 

21 connected to a distal end of the actuator arm. A head is connected to a distal end of the 

22 suspension, wherein the suspension for biasing the head toward the disk. A multi-level shipping 

23 comb is attached to the actuator arm, wherein the multi-level shipping comb comprising at least 

24 one finger for maintaining the suspension in a near optimal vertical position. The finger 

25 comprises a first surface and a second surface, wherein the second surface is raised relative to the 

26 first surface. During shipping of the HSA, the first surface of the finger contacts the suspension 

27 to protect against overstressing the suspension. During manufacture of the disk drive, the 
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1 shipping comb is actuated so that the second surface contacts the suspension thereby bending the 

2 suspension in a vertical direction to facilitate the insertion of the merge tool. 

3 In one embodiment, the actuator arm comprises an aperture and the shipping comb 

4 comprises a pin and a latching member. The shipping comb is attached to the actuator arm by 

5 inserting the pin through the aperture of the actuator arm and rotating the shipping comb in a first 

6 direction until the latching member latches onto the side of the actuator arm and the first surface 

7 of the finger contacts the suspension. 



8 In another embodiment, the shipping comb is actuated by rotating the shipping comb so 

9 that the second surface contacts the suspension thereby bending the suspension in a vertical 

10 direction to facilitate the insertion of the merge tool. In one embodiment, the shipping comb is 

11 actuated by rotating the shipping comb in the first direction, and in an altemative embodiment, 

12 shipping comb is actuated by rotating the shipping comb in a second direction opposite the first 

13 direction. 

14 In still another embodiment, the second surface comprises a beveled surface with respect 

15 to the first surface, and the suspension slides over the beveled surface when the shipping comb is 

16 actuated. 

17 In yet another embodiment, after the merge tool is inserted, the shipping comb is detached 

18 from the actuator arm by rotating the shipping comb in a second direction opposite the first 

19 direction. In one embodiment, after the merge tool is inserted the shipping comb is detached 

20 from the actuator arm causing the suspension to retract vertically and engage the merge tool. 

21 In another embodiment, the suspension comprises a coating for contacting the first and 

22 second surfaces of the shipping comb finger to reduce friction between the fmger and the 

23 suspension. 

24 In yet another embodiment, the shipping comb finger comprises an arcuate shape such 

25 that the first and second surfaces comprise an arcuate shape, and the second surface comprises a 

26 radius larger than a radius of the first surface. 

27 The present invention may also be regarded as a metfiod for manufacturing a disk drive 
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1 comprising a base casting, a disk, and a head stack assembly (HSA). The HSA comprises at least 

2 one actuator ami, a suspension connected to a distal end of the actuator arm, a head connected to 

3 a distal end of the suspension, wherein the suspension for biasing the head toward the disk, and a 

4 shipping comb attached to the actuator arm for maintaining the suspension in a near optimal 

5 vertical position. The HSA is inserted into the base casting and the shipping comb actuated to 

6 bend the suspension in a vertical direction to facilitate the insertion of a merge tool comprising a 

7 finger for engaging the suspension. The merge tool is inserted such that the finger of the merge 

8 tool moves into position without scraping against the suspension. The shipping comb is detached 

9 fi-om the actuator arm wherein the suspension retracts vertically and engages the finger of the 

10 merge tool. The merge tool is then actuated to merge the HSA with the disk. 

1 1 BRIEF DESCRIPTION OF THE DRAWINGS 



12 FIG. 1 shows a prior art disk drive including a disk and an HSA merged with the disk, 

13 wherein the HSA comprises an actuator arm, a suspension, and a head. 

14 FIGs. 2 A and 2B show a prior art HSA including a shipping comb comprising a finger for 

15 maintaining the suspension in a near optimal vertical position dxiring shipping. 

16 FIG. 3 shows a prior art HSA including multiple actuator arms with attached suspensions 

17 and a shipping comb comprising multiple fingers for engaging the multiple suspensions during 

18 shipping. 

19 FIGs. 4A and 4B show an isometric view of a HSA according to an embodiment of the 

20 present invention including a multi-level shipping comb comprising a first surface and a second, 

21 raised surface to facilitate the insertion of a merge tool during manufacture of the disk drive. 

22 FIG. 4C illustrates how the multi-level shipping comb of FIG. 4B is actuated (rotated) so 

23 that the second surface of the finger contacts the suspension, thereby bending the suspension in a 

24 vertical direction to facilitate the insertion of the merge tool. 

25 FIG. 5 shows a magnified view of the multi-level shipping comb finger, including 

26 beveled surface wherein the suspension slides over the beveled surface when the shipping comb 

27 is actuated. 
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1 FIGs. 6A-6D illustrate orientation of the shipping comb and suspension of FIG. 4A 

2 during shipping, during insertion of the merge tool, and after the shipping comb has been 

3 detached prior to the merge operation. 

4 FIG. 7 shows a reverse isometric view of the shipping comb shown in FIG. 4A. 

5 FIG. 8 shows an isometric view of a shipping comb according an alternative embodiment 

6 of the present invention wherein the second, raised surface is located on an interior diameter of 

7 the shipping comb finger. 

8 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

9 FIG. 4A shows an isometric, exploded view of a head stack assembly (HSA) 36 



10 according to an embodiment of the present invention for use in a disk drive comprising a disk, 

1 1 wherein a merge tool is used to merge the HSA 36 with the disk during manufacturing of the disk 

12 drive. The HSA 36 comprises at least one actuator arm 38, and a suspension 40 connected to a 

13 distal end of the actuator arm 40. A head 42 is connected to a distal end of the suspension 40, 

14 wherein the suspension 40 for biasing the head 42 toward the disk. A multi-level shipping comb 

15 44 is attached to the actuator arm (FIG. 4B), wherein the multi-level shipping comb 44 

16 comprising at least one finger 46 for maintaining the suspension 40 in a near optimal vertical 

17 position. The finger 46 comprises a first surface 48 and a second surface 50, wherein the second 

18 surface 50 is raised relative to the first surface 48. Dxiring shipping of the HSA, the first surface 

19 48 of the fmger 46 contacts the suspension 40 to protect against overstressing the suspension 40. 

20 During manufacture of the disk drive, the shipping comb 44 is actuated so that the second surface 



21 50 contacts the suspension 40 thereby bending the suspension 40 in a vertical direction to 

22 facilitate the insertion of the merge tool 

23 In the embodiment of FIG. 4A, the actuator arm 38 comprises an aperture 52 and the 

24 shipping comb 44 comprises a pin 54 and a latching member 56. The shipping comb 44 is 

25 attached to the actuator arm 38 by inserting the pin 54 through the aperture 52 of the actuator arm 

26 38. The shipping comb 44 is then rotated in a first direction (coimter-clockwise in this example) 
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1 until the latching member 56 latches onto the side of the actuator arm 38 and the first surface 48 

2 of the finger 46 contacts the suspension 40 (FIG. 4B). 

3 FIG. 4C illustrates how the shipping comb 44 is actuated by rotating the shipping comb 

4 44 so that the second surface 50 contacts the suspension 40 thereby bending the suspension 40 in 

5 a vertical direction (downward in this example) to facilitate the insertion of the merge tool. In 

6 the embodiment of FIG. 4C, the shipping comb 44 is actuated by rotating it in a direction 

7 opposite the rotation when attaching the shipping comb 44 to the actuator arm 38. In an 

8 alternative embodiment described below with reference to FIG. 8, the shipping comb 44 is 

9 actuated by rotating it in the same direction as when attaching the shipping comb 44 to the 

10 actuator arm 38. 

1 1 FIG. 5 shows a magnified view of the finger 46 wherein the second surface 50 comprises 

12 a beveled surface 56 with respect to the first surface 50, and the suspension 40 slides over the 

13 beveled surface 56 when the shipping comb 44 is actuated. This is illustrated in FIG. 4C wherein 

14 when the shipping comb 44 is actuated by rotating it in the clockwise direction, the suspension 

15 40 slides along the first surface 48, over the beveled surface 56, and onto the second, raised 

16 surface 50. 

17 In one embodiment, after the merge tool is inserted the shipping comb 44 is detached 

18 from the actuator arm 38 by rotating the shipping comb 44 in a direction opposite the direction of 

19 rotation when attaching the shipping comb 44 to the actuator arm 38. Referring again to FIG. 

20 4C, to detach the shipping comb 44 it is rotated in the clockwise direction and then lifted off the 

21 actuator arm 38 so that the pin 54 slides through the aperture 52 (see FIG. 4A). 

22 FIGs. 6A-6D illustrate orientation of the shipping comb 44 and suspension 40 of FIG. 4A 

23 during shipping, during insertion of the merge tool, and after the shipping comb 44 has been 

24 detached prior to the merge operation. FIG. 6A shows the finger 46 in the orientation during 

25 shipping of the HSA wherein the first surface 48 contacts the suspension 40 to protect against 

26 overstressing. FIG. 6B shows the finger 46 actuated into position so that the second surface 50 

27 contacts the suspension 40 thereby bending the suspension 40 in a vertical direction (downward) 
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1 to facilitate the insertion of the merge tool. FIG. 6C shows a finger 58 of the merge tool after 

2 insertion but prior to detaching the shipping comb 44. Because the suspension 40 is bent 

3 downward by the finger 46 of the shipping comb 44, the finger 58 of the merge tool does not 

4 scrape against the suspension 40 during insertion. FIG. 6D shows that after the shipping comb 

5 44 is detached fi-om the actuator arm 44 the suspension 40 retracts vertically (upward) and 

6 engages the finger 58 of the merge tool. The merge tool is then actuated to merge the HSA 36 

7 with the disk. 

8 In the embodiment shown in FIGs. 6A-6D, the suspension 40 comprises a protective 

9 coating 60 for contacting the first and second surfaces 48 and 50 of the shipping comb finger 46 

10 to reduce fiiction between the finger 46 and the suspension 40 when attaching, actuating, and 

1 1 detaching the shipping comb 44. The protective coating 60 may comprise any suitable material, 

12 such as a photo sensitive organic fibn like polyimide or a liquid type cover coating. In addition, 

13 the finger 46 may comprise a suitable soft material, such as plastic, so that any fiiction will result 

14 in soft particles which are less problematic than hard particles caused by a hard material such as 

15 stainless steel. In addition, the shipping comb 44 is less likely to cut through the protective 

16 coating 60 if manufactured fi'om a soft material such as plastic. Although the merge tool 58 is 

17 typically manufactured fi-om a hard material, such as stainless steel, the multi-level operation of 

18 the shipping comb 44 helps prevent the merge tool 58 fi*om scraping across the suspension 40 

1 9 and cutting through the protective coating 60. 

20 The finger 46 of the shipping comb 44 may also comprise any suitable shape. In the 

21 embodiments disclosed herein, the finger 46 comprises an arcuate shape such that the first and 

22 second surfaces 48 and 50 comprise an arcuate shape, and the second surface 50 comprises a 

23 radius larger than a radius of the first surface 48. FIG. 7 shows a reverse isometric view of the 

24 shipping comb 44 shown in FIG. 4A, which fiirther illustrates the arcuate shape of the finger 46, 

25 the first surface 48, and the second, raised surface 50. 

26 The second, raised surface 50 may be implemented in any suitable configuration. In the 

27 embodiment shown in FIG. 4A, the second, raised surface 50 is located at an exterior diameter of 
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1 the shipping comb finger 46. FIG. 8 shows an alternative embodiment of the present invention 

2 wherein the second, raised surface 50 is located at an interior diameter of the shipping comb 

3 finger 46. In this embodiment, the shipping comb 44 is actuated by rotating it in the counter- 

4 clockwise direction so that the second, raised surface 50 contacts the suspension 40 in order to 

5 bend it downward to facilitate insertion of the merge tool. 
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